Federal clean air regulations have spawned a proliferation of motor fuel types that have created differentiated markets for motor fuels, increased the cost of supplying these fuels, and reduced the capacity of the supply infrastructure. In this paper we examine wholesale gasoline prices in 99 US cities over a time horizon of 204 weeks using a panel data regression model to explain fuel prices as a function of fuel attributes, the price of crude oil, and seasonal and city-market-specific effects. Our results show that fuel prices are related to the use of a special blend not widely available in the region and more costly to make, and the situation of the particular city market in relation to major refining centers or other sources of supply.
Introduction
High and continuing levels of air pollution in major urban centers and more stringent air quality standards have led the US federal government and some states to implement strategies to reduce emissions of pollutants. In particular ground-level ozone has been identified as a pollutant having negative health impacts and, because vehicles are important emitters of the chemical precursors to the formation of ground-level ozone, federal and state efforts to reduce pollution have included reductions in vehicular emissions. In addition to federally mandated reductions in the allowable emissions from newer vehicles, which has led to changes in engine technology and the design of vehicles, the federal government has mandated the use of a particularly stringent blend of gasoline-known as federal reformulated gasoline or RFG-in areas that are in extreme non-attainment of the National Air Quality Standards.
Due to the high cost of producing RFG, in many instances the states and localities, in collaboration with refiners, have adopted unique fuelssometimes referred to as boutique fuels-not widely used in adjacent markets; these boutique fuels address pollution concerns in the local market while being less costly to product than federal RFG. In effect this has created differentiated markets for motor fuels and this, in turn, has increased the cost of supplying these fuels while at the same time reducing the capacity of the supply infrastructure. More highly differentiated markets, higher refining costs and reduced capacity in the supply infrastructure might all be expected to cause gasoline prices to rise, perhaps differentially so for areas that use more costly or more unique motor fuels.
In this paper we examine wholesale gasoline prices in 99 US cities using a panel data regression model to explain fuel prices as a function of fuel attributes, the price of crude oil, and seasonal and city-market-specific effects. 1 The specific contribution of our paper is to disentangle city-market-specific effects from fuel attributes in the determination of wholesale gasoline prices; the statistical model accounts for the variation across cities as well as the variation in a city in response to changes in fuel attributes through time and across cities. 2 Our results show that fuel prices are related to the use of special blends that are not widely available within a region and are more costly to make, and the proximity of the particular city market to major refining centers and alternative sources of supply.
Environmental Standards and Fuel-Type Proliferation
The Clean Air Act as amended authorizes the EPA to set National Ambient Air Quality Standards (NAAQS) and to enforce these standards to reduce negative health effects of air pollution. EPA has set NAAQS for six pollutants; namely ozone, particulate matter, carbon monoxide, nitrogen dioxide, sulfur dioxide, and lead. However, because ozone is not directly emitted but is formed in a chemical reaction when volatile organic compounds (VOCs) 1 The energy literature is replete with papers that have quantified the demand for gasoline, gasoline demand in response to price spikes, and the asymmetric response of gasoline prices to changes in crude oil prices (see, for example, the summary of gasoline demand provided in the survey articles of Dahl (1986) and Dahl and Sterner (1991) and the papers on asymmetric price response by Bacon (1991) , Galeotti (2003) , and Ratchenko (2005)). The published literature on gasoline demand does not go far in relating the price of gasoline to the particular attributes of fuels and the markets in which they are sold. In one of the few published papers that does touch on this point, Taylor and Fischer (2003) find that higher prices are related to the higher refining costs in their study of wholesale gasoline prices on the West Coast of the US.
2 Our research complements a number of other concurrent working papers, namely Muehlegger's (2004) , Chakravorty and Nauges (2005) , and Brown, Hastings, Mansur, and Villas-Boas (2006) . We discuss our paper's model and results in relation to the other papers below.
and nitrogen oxides (NO x ) mix in the presence of heat and sunlight, emissions of VOCs and NO x are also considered by EPA as primary targets for reductions.
Every state that has areas that are in nonattainment with NAAQS is required under the Clean Air Act to develop a state implementation plan (SIP) to identify how the state intends to bring these areas into attainment.
States have wide discretion in how they plan to reduce pollution in nonattainment areas. For example, they can reduce emissions from stationary sources such as power plants or nonstationary sources such as automobiles.
Because many stationary sources of pollution had been targeted in the past, and automobiles emit significant proportions of ambient VOCS, NO x and carbon monoxide, the EPA and states have focused a lot of attention on vehicle emissions in the past 15 years.
States' adoption and EPA approval of cleaner-burning motor fuel blends has largely occurred without consideration of the effects on regional or national motor fuels markets. In discussions with state and federal regulators and with refiners and industry consultants, the authors confirmed the details of the decentralized process through which special fuels are introduced:
States considering adoption of a cleaner-burning motor fuel typically approached a refiner in their region or an industry consultant to determine what it would cost to refine a special fuel blend. Based on the differential costs of refining cleaner-burning fuels and on models that predicted the emissions reductions the targeted areas would achieve if such fuels were used, states then included the most "cost effective" special fuel blend in their SIP. EPA approved these plans without considering the impacts of the proliferation of such fuel blends on overall fuel prices and price volatility. 3 3 According to the EPA, it is currently authorized to approve state applications to use
The result of this process has been a proliferation of special motor fuel blends that conform to state and local boundaries as opposed to regional or market boundaries. 4 The primary ways in which gasoline blends vary are described in Table 1 and a list of the various gasoline blends currently used including, conventional gasolines, reformulated gasoline, and California Air Resources Board (CARB) gasoline, can be found in Table 2 .
It is typical for areas using special gasoline blends to be surrounded by regions that use conventional gasoline (see Figure 1) . In some cases, these areas are relatively large, as is the case for the state of California, where nearly all of the state uses one of two fuels. In other cases, "islands" of special gasoline use can divide otherwise regional gasoline markets. For example, in the St. Louis metropolitan area-which includes parts of the states of Missouri and Illinois-three different fuels are used: one special gasoline blend required on the Missouri side, a different special gasoline blend required on the Illinois side, and conventional gasoline is allowed in the surrounding areas. 5 In some cases, special gasoline blends are used in only one area of the country. For example, variants of CARB gasoline used in California and Arizona and the special blend used in the Atlanta area are not used anywhere else in the United States. Even relatively common special gasoline blends can create isolated markets if they are not used in nearby areas. For example, although 7.8 RVP is the most widely used special blend of gasoline, Pittsburgh, Pennsylvania, is the only city in its region that uses it. Similarly, the Chicago/Milwaukee area uses RFG North with ethanol, a cleaner-burning motor fuels but does not have authority to condition its approval on the basis of any adverse impacts such fuels may have on the overall market. For more details on this point, see GAO (2005) .
4 See Muehlegger (2002) for a detailed summary of gasoline content regulation. 5 Each state is overseen by a separate EPA regional office; Missouri is overseen by EPA region 7 and Illinois is overseen by EPA region 5.
gasoline blend used in the Northeast, but not used elsewhere in the Midwest.
Special gasoline blends accounted for more than half the gasoline consumed in the United States during the summer of 2001-the last year for which complete data are publicly available. Of the special fuel blends, RFG and 7.8 RVP blends together accounted for about 33 percent of the national gasoline market. California and Arizona gasoline blends accounted for roughly 13 percent of total U.S. gasoline consumption. The remaining 6 percent of gasoline use was divided among four separate blends.
While there were 11 special blends of gasoline during the summer of 2004, more than 45 gasoline blends were sold in the United States throughout the year. Special winter-only gasoline blends are required to be used in areas of 8 states; these blends contain an oxygenate to address winter carbon monoxide pollution. And because many gasoline stations sell gasoline in three octane grades there is also a doubling of fuels. 6 Thus, pipelines, terminals, and retailers carry multiple variations of the gasoline blends. Gasoline blends also differ regionally and seasonally and this is independent of fuel content regulation: Differences in outside temperature require different blends to maintain vehicle performance. The primary difference among these blends is RVP. Refiners produce gasoline with higher RVP in cold conditions to allow cars to start, and gasoline with lower RVP during warm conditions to improve vehicle operation, even in areas that use conventional gasoline. As a result of these differences, refiners routinely ship different fuels to different regions and also ship different gasoline blends seasonally. Special blends of cleaner burning fuels compound these variations.
Prior to 1990, the refining industry in the United States was asked to produce a largely fungible type of gasoline. While the Reid vaporization pressure varied regionally and seasonally to accommodate vehicle engine performance, these changes were fairly simple to make from a refining perspective and had only minor implications for distribution and storage. For example, if two batches of gasoline that differ by several pounds RVP interfaced in a pipeline during shipping, the resulting blended fuel at the interface could simply be mixed with the higher RVP fuel-a process called "downgrading." Because mixing this small interface had little effect on engine performance, it created no major problems for shippers. Similarly, when RVP changed to match seasonal temperature variations, the new gasoline could simply be pumped into the same storage tanks as the old gasoline without thoroughly clearing the system of the old. The resulting blend simply acted as a transitional fuel until the mixed blend was used up and the new fuel completely replaced it.
Since 1990, the proliferation of new fuel blends and the legal requirements to use fuels within strict specifications in some areas has required large investments in refinery upgrades, caused or sped up the closing of many small refineries that could not make the switch to producing more stringent gasoline blends, and reduced the capacity of the nation's shipping and storage infrastructure. With regard to the refining industry, producing many of the gasoline blends-as well as removing increasing amounts of sulfur from diesel and gasoline-has required large new investments in refinery upgrades. For example, the Energy Information Administration estimates that the costs of refining California's CARB gasoline costs between 5-15 cents per gallon more than conventional gasoline. A by-product of this investment has been the closure of many small, less complex, refineries that could not economically make the switch to producing cleaner burning fuels. 7 While many of these closures may have occurred eventually due to their higher incremental costs of production, the introduction of cleaner burning fuels clearly accelerated this disinvestment and reduced total refining capacity in the process. 8
The shipping and storage capacity for fuels has also been reduced by the proliferation of fuels and because the different specifications are now a matter of legal requirement rather than simply to optimize engine performance. For example, the shipping of smaller, incompatible blends of gasoline have increased the numbers of interfaces of fuels in the pipeline system. In addition, because in many cases the fuel specifications for different special blends of gasoline do not allow simply downgrading the more stringent fuel into the less stringent fuel, more of the interfaces create "transmix" that must be pulled out of the system and reprocessed before sale. Another effect of shipping larger numbers of smaller batches of fuel has been to reduce the speed of the pipeline. This slower speed is the result of pipelines having to keep more types of fuel segregated in storage terminals that were designed and built to accommodate a more fungible product. During shipping, tank terminals are routinely used to segregate fuels during shipping and to consolidate fungible batches as specific batches are pulled off for delivery to specific locations.
Most of the terminal storage was built when gasoline was largely fungible and it was routine to be pumping gasoline into and out of a single largeargue that the decrease in the number of suppliers has increased their market power, partially explaining the increase in prices in the markets using boutique fuels.
8 It is important to note that many of the refineries that invested in new processes to produce cleaner burning fuels also took advantage of this build-up to install additional capacity on their existing refining sites. This has been called capacity creep by the industry to distinguish it from investment in an entirely new "grassroots" refinery, something that has not happened since the 1970s in the United States. Also, there is evidence in the literature that refinery investments made to meet stringent environmental regulations have actually enhanced productivity (Berman and Bui, 2001) . We are indebted to a referee for this point.
capacity tank to optimize the operation of the pipeline while simultaneously removing product for delivery. Now, smaller batches of fuel that must be segregated from all other fuels in the pipeline must be pulled off into tanks designed to handle an order of magnitude larger batch and held there until it can be delivered to retail outlets. The pipeline must also be operated at a slower speed to facilitate pulling off these smaller batches at precisely the correct destination. In some cases, missing a batch at its destination requires pulling the product off the system at the next terminal and trucking it back to a location that can use it. This is the case for gasoline with MTBE additive used in Texas and Oklahoma but not allowed in markets north of Tulsa. 9 Reduced storage capacity and slower pipeline speeds directly raise the per-unit shipping and delivery costs and the increase in transmix raises refining costs per unit and further stresses the storage capacity.
Statistical Analysis of Fuel Prices

Data Description
Wholesale gasoline prices were obtained from the Oil Price Information Service (OPIS) for ninety-nine cities in the United States; in industry parlance these are referred to as rack prices. The price data are weekly observations on each type of fuel sold at each city over the interval from 7th December 2000 to 28th October 2004. The sample of data includes cites that use conventional gasoline as well as those that use special fuels. In our empirical analysis, we also control for the weekly price of West Texas Intermediate (WTI) crude oil-the material primary input in refining gasoline; the WTI 9 Pipeline operators told the authors of an instance of a batch of MTBE oxygenated fuel destined for Tulsa that could not be offloaded in Tulsa because sufficient storage capacity was not available. The pipeline had to be shut down while tanks were emptied before the fuel could be offloaded and the pipeline restarted.
price series was obtained from Platts.
Using the OPIS data, we constructed a single price series for each city that represents the price of the fuel actually used in that city in a particular week. For example, the OPIS data lists numerous fuel prices for a city such as Houston, which is a major refining center at a major pipeline hub, but the city price we refer to in our analysis of Houston will be for the particular reformulated gasoline mandated for use in that city at that calendar date.
Because the fuel required varies across summer and winter seasons-and because the fuel regulations are varying across years in some cities-the price series for each city will typically represent multiple fuels. This variation in fuels within city markets as well as across city markets provides the richness present in our data set and the opportunity to analyze it using statistical methods designed for analyzing time series of cross-sectional observations. With regard to uncommon or unique special gasoline blends, the data show that cities using relatively less common or more stringent blends of gasoline typically have higher prices than do cities using more common or less stringent blends. 10 For example, the five California cities in the data set are all in the top 20 cities with respect to gasoline prices. California's fuel is the cleanest burning fuel and in order to make it, California's refineries have invested billions of dollars in new processes. Further, only a few refineries outside of California routinely make California gasoline, the closest being in Northern Washington. This uniqueness of California's gasoline has been noted by many sources as contributing to California's higher and more volatile gasoline prices relative to the rest of the country: The five California cities we examined had average prices that ranged from about 24 to 26 cents per gallon higher than the city with the lowest price, Beaumont, Texas, which uses conventional gasoline and is located near the large refining center in the Gulf Coast. Another factor that appears to affect gasoline price is distance from major refining centers. Many of the cities having the highest prices are far from refining centers or are served by few and/or small pipelines.
Adding ethanol to gasoline also appears to correspond with higher wholesale gasoline prices. For example, for the nation as a whole, average prices for conventional gasoline with ethanol were about 4 cents per gallon higher than conventional without ethanol over the time period we analyzed. The switch from using ethanol as opposed to MTBE was also associated with higher gasoline prices. In contrast to the high-price cities, cities having the lowest average wholesale gasoline prices over the period typically used common gasoline blends and/or were located near a major refining center-most often near the Gulf Coast, the largest refining center in the country in terms of both numbers of refineries and total refining capacity. For example, among the 20 cities with the lowest prices, 8 use conventional gasoline which is the most widely available gasoline blend. Conventional gasoline is used widely across the United States and most cities that use it are surrounded by other areas using the same fuel. Another 9 cities among those with the lowest prices use 7.8 RVP gasoline-7.8 RVP gasoline is the least stringent and most widely used of the special blends. Most of the 7.8 RVP gasoline is used in areas close to the Gulf Coast refining center. In addition, refiners told us that making 7.8 RVP gasoline is simpler and less costly than some of the more stringent blends, which may make it more available from refineries in the event there is a local supply shortfall. The other three cities use less common special blends but are all close to the largest refining center, the Gulf Coast, and therefore have many more potential supply options than do more isolated cities. Overall, the wide use, simplicity and lower cost of refining conventional and 7.8 RVP, and the proximity to major refining centers are factors that would reduce isolation of cities.
Similar results obtain with regard to the volatility of gasoline prices where we measured volatility for each city as the standard deviation across time of the city price minus the price of West Texas Intermediate crude oil. 11
In general, we found that prices tended to be more volatile in isolated cities. 
Econometric Modeling
The basic statistical model for the empirical analysis is a reduced-form specification that relates the price level for gasoline in each city i during a particular week t to the price of West Texas intermediate (WTI) crude oil, the distance measured in miles to the closest alternative supply location that uses the particular fuel in that week, the attributes of the particular fuel, a set of season-specific variables, and city-market-specific effects α i . 12 Algebraically the regression model can be expressed as
where the Distance-to-Substitute variable is the distance measured in miles to the closest source of a substitutable fuel, µ it is the random disturbance for city i in week t. 13 The statistical model is a reduced-form specification that quantifies the joint distribution of equilibrium wholesale gasoline prices across cities; it is not a structural demand nor supply equation. The purpose of the present statistical analysis is to explain the equilibrium level of fuel prices in relation to city-market-specific effects and fuel-specific effects, and for this purpose a reduced-form model is appropriate. 14 We estimate several variations of this particular model in levels and we also estimate the model in logarithms. 15
12 We take the price of West Texas intermediate crude oil to be exogenously determined. Crude oil prices, up to quality and transportation differentials, are determined in the world oil market (Horsnell and Mabro, 1993) . For this reason, we are not particularly concerned about city-specific shocks in gasoline prices affecting the world price of oil. In any case, estimates of the model are nearly the same when using WTIt−1 as an instrument for WTIt. 13 We allow the random disturbance to follow a first-order autoregressive process in our empirical implementation below. Also, we investigate the model when the city-marketspecific effects αi are treated as predetermined as well as random in our empirical analysis below. All specifications are estimated in levels and in logarithms.
14 A structural model would be required to analyze consumer behavior (demand) or firm behavior (supply) in the gasoline market. Muehlegger (2004) provides an econometric analysis of firm-level behavior in the gasoline market and Chakravorty and Nauges (2005) examine the role of boutique fuels in creating market power. Brown, Hastings, Mansur, and Villas-Boas (2006) investigate the impact of gasoline content regulation on gasoline prices using OPIS data but using a treatment and control methodology to isolate the effect of content regulations on price levels as well as price volatility. Only Muehlegger (2004) develops a structural behavioral model.
15 Note that while we can control for city-market-specific effects, we can not include cityspecific variables on demographics or other characteristics if those variables are constant
We first estimate the basic model in levels for a common intercept specification where α i = α for each city market i, a fixed-effects specification where each city market i has a fixed effect α i , and as a variance components or random-effects model where the α i are assumed to be drawn from a distribution; the estimates of these three specifications are displayed in the first three columns of Table 4 . 16 We can reject the hypothesis of a common intercept term (i.e. no city-market-specific effects) at a marginal significance level of practically zero. 17
The second and third columns of Table 4 display the estimates for the fixed-effects and random-effects (aka variance components) specifications.
In each of these specifications a separate city-market-specific effect is estimated for each city, but the specifications differ in whether the city effect is modeled as being predetermined or random. In the random-effects formulation, we can make statistical inferences that are unconditional with respect to the population of all possible city-specific effects while in the fixed-effects formulation we can make statistical inferences that are conditional on the city-specific effects in the sample (Hsiao, 1986) . In practice this can be a thorny issue because the estimates from fixed-effects and random-effects models can differ significantly in the commonly observed case where a large within a city across the sample. Within the span of weekly observations in the data, city-specific demographics derived from census data do not vary, so they are perfectly collinear with the city-specific indicator already included in the analysis. Also, we cannot model weekly volatility since we observe the price level with weekly frequency. We can measure volatility over a period of many weeks, as we did in the data description section, but we can not use this as an input in the weekly panel data model; this type of volatility measure could be used in a cross-section regression and this is the approach taken by Brown, Hastings, Mansur, and Villas-Boas (2006) in one of their auxiliary regressions. 16 We also estimated White's (1980) heteroscedasticity-consistent standard errors in our analysis, but in the interest of making the tables of results more readable we have chosen not to reported them since they were nearly identical to the traditional standard error estimates.
17 The likelihood-ratio test statistic for excluding the city-specific constants, which is distributed Chi-squared with 98 degrees of freedom, is 4000.34.
number of cross-sectional units are observed over a small number of time periods (Hausman, 1978) . Given the context of our analysis, it is sensible for us to make statistical inferences conditional on the city-market-specific effects in the sample, as they are likely to remain fixed for the 99 cities and not be randomly reassigned; however, for completeness we investigate the random-effects formulation. Fortunately, in our data set we observe prices across 99 cities for 204 weeks, and the effect of having a large number of time observations for the cross-sectional units is that the fixed-effects and random-effects estimates are nearly identical.
A final refinement to the model is to correct for serial correlation. The Durbin-Watson test statistic indicates the presence of first-order serial correlation, which is to be expected in each city's time series of gasoline prices.
The final column of Table 4 displays the estimates of the fixed-effects model with the inclusion of a first-order autoregressive random disturbance term. 18 We now examine the coefficient estimates in detail; we have estimated the model in levels as well as in logarithms, with the log-linear results displayed in Table 5 . Because the model estimated in logarithms yields essentially the same results qualitatively, we will focus our discussion on the estimates obtained from the price-level model. Table 4 , a common autoregressive term is estimated for the 99 cities. Allowing the AR(1) term to vary across cities-so that we estimate 99 separate autoregressive coefficients-does not have any significant impact on the estimates coefficients and their standard errors. Also, a random-effects AR(1) model yields results almost identical to the fixed-effects AR(1) model.
cating that the price increases about 0.003 cents per mile, or about 3 mills per hundred miles of distance and this statistically differs from zero. The remaining variables in the regression are indicators for the particular special fuels, and those coefficients represent the change in the expected price of gasoline when the particular fuel is required.
The coefficient on low sulfur fuel is statistically no different from zero.
Next, we examine the impact of increasingly stringent Reid vaporization pressure standards. The coefficients on RVP levels of 7.8 and 7.2 are about 0.48 and 4.25, respectively, with only the latter being statistically different from zero at conventional significance levels. It is interesting that the coefficient on RVP 7.8 is not statistically different from zero; this finding is consistent with the thickness of the market for that particular fuel. 7.8 RVP gasoline is the least stringent and most widely used of the special blends.
Most of the 7.8 RVP gasoline is used in areas close to the Gulf Coast refining center. In addition, petroleum refiners report that making 7.8 RVP gasoline is simpler and less costly than some of the more stringent blends, which may make it more available from refineries in the event there is a local supply shortfall (GAO, 2005) .
The coefficients on the required ethanol content are also positive and increasing in the percentage of ethanol, however only the coefficient on 10% ethanol content differs statistically from zero. The remaining fuel attribute variables are for various types of reformulated gasoline, first those that use MTBE as an oxygenate, where the effect on price is about 1.05 to about 1.40-but neither is significantly different from zero.
Reformulated gasoline using ethanol increases the expected price by about 6.57 cents per gallon. California's CARB gas using ethanol as an oxygenate increases the expected price by about 3.87 cents per gallon. The coefficients on both of the reformulated gasolines that use ethanol as the oxygenate are statistically different from zero.
The results of the regression equation provide estimates of the reducedform impact of changes in particular fuel specifications on expected wholesale fuel prices, and these are generally consistent with our expectations that requiring more stringent and costly fuels-those with lower Reid vaporization pressure, higher ethanol content, and the most stringent reformulated blends-will result in higher wholesale fuel prices.
The results also provide estimates of the city-market-specific effects for each of the 99 cities in our sample of data and these are listed in Table 6 along with their estimated standard errors. It is important to recall that the city-market-specific effects reflect the constant term α i in our regression equation for each city i and that the regression model has explicitly accounted for all of the explanatory variables included in the estimation, such as the price of WTI, the attributes of the fuel used, and the distance to the nearest city with a substitute fuel. The city effects are highest for Anchorage followed by the California, Arizona, and Nevada cities. The city effects are lowest for Beaumont and Meridian, and also low for other cities that are in close proximity to the Gulf Coast refining centers and located along major pipelines.
The panel data model did not permit the inclusion of explanatory variables that remained constant through time for individual city markets. 19 However, we can perform an auxiliary cross-sectional regression analysis relating the estimated city-market-specific effects to factors that vary across cities, including population, income, and the number of commuters that use public transport. 20 The estimates of this regression are: city-specific-effect = 20.627−1.63population+2.82income−3.97transit users (3.43) (0.68) (0. only about 20% of the variation in city-market-specific effects, the results do suggest that the city-market-specific effects are related to market size in addition to the market isolation which was already included in the panel regression through inclusion of the distance-to-substitute variable.
Our empirical analysis and results complement other concurrent working papers on the pricing of boutique motor fuels. Chakravorty and Nauges (2005) use state-level monthly average fuel prices to estimate a reducedform panel data model. They find that boutique fuels are associated with higher fuel prices due to higher refining cost and through the creation of heterogeneous fuel markets. Brown, Hastings, Mansur, and Villa-Boas (2006) analyze city-level weekly prices using a treatment and control group approach that pairs cities that used special fuels with similar cities that did not. They find that geographic isolation is associated with higher prices of boutique fuels; additionally they find that the adoption of special fuels is 20 The data on population, income, and commuters using public transport were obtained directly from the 2000 Census database.
21 The population and public transport users variables were in units of 10 6 , while income was in units of 10 4 . Scaling the regressors does not affect the substantive nature of the results, it simply makes the magnitude of the estimated coefficients more manageable.
associated with a reduction in the number of suppliers, and that this may also cause higher prices and price volatility. 22
Conclusions
We have taken a first step to separate fuel-specific effects on prices from cityspecific effects and to explain some of the variation in the level of gasoline prices across cities. Among other things, the results of this analysis suggest that the size of market for a particular blend of gasoline and the fungibility of the specific blend are influential factors in explaining differences in price.
For example, average prices are higher in cities using gasoline blends unique to their region. The relatively low price of 7.8 RVP fuel also illustrates this point-it is the largest market among the special blends of gasoline and is widely available in many regions. From a policy perspective, the results of this analysis suggest that EPA should consider the impacts of additional uses of boutique fuels on gasoline prices as well as the air quality benefits before approving such uses. Further work is required to evaluate more completely the variation of gasoline prices over time, such as an examination of gasoline prices in individual cities in response to supply disruptions while controlling for different blends and different city-market-specific attributes. In addition, the impacts of the proliferation of special fuel blends on individual refiner's market power could be explored in a structural model, since suppliers may in fact have an incentive to facilitate the proliferation of special fuel blends.
Given the role of refiners in advising states on the costs of various special blends, this avenue of research deserves more attention. 22 We cannot augment our panel data model to price volatility directly because we do not have a weekly city-specific measure of volatility that can account for changes in volatility within a city as the fuel changes across weeks. Measuring volatility over time and then running a cross-section regression across cities is inadequate in our application, because the fuel used in a given city is in fact changing over the year. Emissions regulations require gasoline to be oxygenated during the winter in areas that have a carbon monoxide pollution problem (cold weather and atmospheric inversions). Oxygenates help engines run leaner so they emit less carbon monoxide.
RVP
Reid vaporization pressure. Pressure of confined vapor in equilibrium with its liquid at a specified temperature; a measure of a liquid's volatility; used to quantify seasonal performance (e.g., higher volatility is needed in cold weather, and lower volatility in hot weather) and evaporative loss.
MTBE methyl tertiary-butyl ether; originally used to raise the octane of gasoline; now primarily used to raise the oxygen content of gasoline, i.e. it is an oxygenate.
Ethanol Also known as ethyl alcohol (C 2 H 5 OH); used as an oxygenate. b EPA estimated VOC and NOx emissions reductions for California CBG and RFG CA/CBG (which includes an oxygenate) were the same for these pollutants, however RFG CA/CBG would likely provide some reduction of CO, in addition. a Representative summer and winter fuels. Actual specification of fuel used may vary over the sample within a given city.
b City-specific effects and standard errors correspond to the fixed-effects regression reported in the final column of Table 4 .
